Treeshelters are now used in the establishment of trees in the landscape (Evans and Potter, 1985; Frearson and Weiss, 1987; Potter, 1988) . These cylindrical or square, translucent, polypropylene tubes of varying height (usually 60 to 150 cm) are placed around seedlings or transplants at planting time. They increase the survival of newly transplanted trees by reducing weed competition and damage due to browsing animals (Potter, 1988 (Potter, , 1991 . Increases in growth have been observed in plants grown in treeshelters. Height increases of 60% to 600% have been observed with cherry and oak seedlings, respectively (Frearson and Weiss, 1987; Potter, 1988 temperature, relative humidity, and CO 2 concentration have all been suggested as probable causes for increased growth (Frearson and Weiss, 1987; Potter, 1988) . The nature of the relationship among these environmental characteristics and their potential effect on treeshelter-grown plants is not clear.
Treeshelters are intended for and customarily used in the landscape (Potter, 1991) . The use of treeshelters during the production of container-grown plants has not been explored. However, based on work conducted with treeshelters in the landscape, plant growth could be enhanced and plants more suitable for transplantation to the landscape could be produced with the use of treeshelters in the nursery. The objectives of our work were to: 1) determine how container-grown, landscape trees would respond to being grown in treeshelters in a nursery, 2) monitor the environment in and around treeshelters used to produce container-grown trees, and 3) determine the water-use characteristics of these trees grown with or without a treeshelter.
Deodar cedar, holly oak, and southern magnolia were selected for the study. In Feb. 1990, 30 young plants of each of the three species grown in 3.8-liter containers were transplanted into 19-liter containers. A treeshelter (Tubex, St. Paul, Minn.) was placed over 10 plants of each species (Fig.  1) . The bottom of the shelter was pushed ≈ 3 cm into the container medium. A stake was driven down along side the shelter and the shelter tied to it for support.
All of the plants in the experiment were arranged in east-west rows (50 cm between plants), with the northern-and southern-most rows containing plants without shelters and the center row containing plants in shelters (51 cm between rows). Of the 10 plants of each species in shelters, six were used to monitor the environment in and around the shelter, As a reference, five additional 19-liter containers were fitted with a treeshelter, but had no plant growing in it. Holes were drilled into the five reference and six monitored treeshelters for each species and plugged with septa to facilitate taking gas (CO,) samples from inside the shelter.
Height and trunk caliper (at the top of the pot) were measured for each experimental plant at the beginning of the experiment and on 12 Dec. 1990 . None of the trees were pruned during the experiment. On two occasions (13 Apr. and 27 July 1990) during the growing season, temperature, relative humidity (HI 8564 thermohygrometer; Hanna Instruments, Singapore), and CO, concentration (Horiba PIR-2000 infrared CO 2 analyzer) were measured inside and outside the shelter. Gas samples were taken by inserting the needle of a l-ml syringe through the septum to the inside of the treeshelter. A l-ml sample was then extracted and the syringe was placed in a rubber stopper until the gas sample could be measured on a C0 2 -O 2 analyzer (Saltveit and Strike, 1989) .
Water use measurements were taken twice during the growing season (1 May and 7 June 1990). Plants were watered heavily and allowed to drain to container capacity (1 h). The plant and container were weighed and placed back into the nursery bed. After 24 h the plant and container were reweighed. The difference in weight was defined as the water used and consisted of water transpired by the plant and water evaporated from the soil surface. The treeshelter altered the temperature, relative humidity, and CO, concentration around the trees. The air temperature and relative humidity inside the shelter were 3C (32 vs. 29C) and 19% (82% vs. 61%) higher, respectively, than outside the shelter. The CO 2 concentration increased inside the shelter from the top (364 ppm) to the bottom (435 ppm). The CO 2 concentration outside the shelter was 362 ppm.
Trees grown inside shelters were 74% (Magnolia) to 174% (Quercus) higher than those without shelters (Table 1) . Treeshelters did not significantly increase the caliper of Magnolia and Quercus trees, while Cedrus trees grown in treeshelters showed less increase in caliper than those grown without a shelter (Table 1) . Once the shelter was removed from around Cedrus trees, they were incapable of supporting their own weight (Fig.  2) . These nursery-grown trees had been in the shelter less than 1 year; shelters are kept around trees in the landscape for more than 1 year (Potter, 1991) . Leaves of Magnolia trees grown in shelters deteriorated and senesced, leaving the main stem with very few leaves (Fig. 3) . Quercus trees grown in shelters grew taller and developed into a highquality tree ready to be transplanted into the landscape (Fig. 4) . The lateral branches and leaves of Cedrus in the shelters were elongated and lighter green than those of the control plants, Lateral branches of Quercus trees grown in shelters were shorter and leaves were somewhat smaller than control trees, but otherwise appeared the same.
Cedrus trees grown in shelters had significantly lower shoot fresh weight (SFW) and root fresh weight (RFW) values than trees grown without shelters (Table 1) . The RFW values for all trees grown in shelters were somewhat lower than those grown without shelters. The SFW : RFW ratio for Magnolia was not affected by the shelters; however, the SFW : RFW ratios for Quercus and Cedrus trees grown in shelters were higher than trees grown without shelters.
Only Cedrus trees grown in shelters and measured on 7 June 1990 used significantly less water than those grown without shelters (353 vs. 577 ml·24 h -1 ). There were no significant differences in water use of Magnolia and Quercus trees grown with or without shelters on either test date, with values ranging from 253 to 337 ml·24 h -1 for Magnolia and 340 to 367 ml·24 h -l for Quercus. Increases in plant growth of trees grown in treeshelters may be partly due to the increases in temperature, relative humidity, and CO 2 concentration. Similar conclusions were reported by Frearson and Weiss (1987) . Light intensity and quality are also altered when passing through the treeshelter. The manufacturer states that light intensities can be reduced by 40%, and this may partly be responsible for the elongation response observed in our trees.
The change in shoot : root ratio suggests a differential partitioning of photosynthate. It appears that shoot growth is promoted while root growth is inhibited in trees grown in treeshelters. This problem may diminish as the tree grows out the top of the shelter during the second and third year in the nursery and/or in the landscape. The reduced root growth and development are of most concern in terms of transplantation ease and success.
Water use characteristics were not affected with the use of the treeshelter. While there were indications that slightly less water was used by trees grown in shelters, these differences were not significant.
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